and photo-electron spectrometries determined the energies and widths of higher lying resonances. Several Rydberg series have been measured and identi ed. Theoretical calculations using the R-matrix approximation and the saddle-point technique have been used to identify these resonances. The truncated diagonalization method(TDM) has also been used to calculate the energies and wavefunctions of these triply excited states 18] and also of doubly excited states where there is just one vacancy in the K- shell 19] . One of the advantages of this method is that it yields complete Rydberg series converging on the doubly excited states of Li + all at once. The various series and levels are almost always identi able by their con guration mixings and quantum defects. (2) using antisymmetric basis functions (n 1`1 ; n 2`2 ; n 3`3 ; LS) constructed from single-particle wave functions. The totally antisymmmetric three-electron wave function is expressed in terms of vector-coupled products of all antisymmmetric two-electron wave functions, j (1; 2jL j S j ), constructed from two of the same three orbitals, and multiplied by the wave function of the third electron. That is i (1; 2; 3) = X 
where ' j (r) = R n`( r)Y m ( ; ) 1=2 . The radial functions satisfy the orthogonality relation Z 1 0 R nl (r) R nl 0 (r) r 2 dr = nn 0 ; (4) but are otherwise unspeci ed. We could, for example, use the generalized Laguerre functions R n`( r) = (2 ) 3=2 s (n ?`? 1)! (n +`+ 1)! e ? r (2 r)`L 2`+2 n?`?1 (2 r) (5) which constitute a complete set of normalizable functions as a basis set. However, in this work we use hydrogenic functions as we have found them to yield more accurate results for the higher levels in a Rydberg series. The i 's are fully antisymmetric, while j is antisymmetric only in variables 1 and 2. The a ij are generalized fractional-parentage coe cients (CFP). They make the linear combination fully antisymmetric in all variables. There may be more than one i with the same set of orbitals and the same L; S and . If so, then a seniority index must be assigned to each of the independent functions. Hence the subscript i = 1; 2; .
The energies are obtained by calculating (in blocks) and diagonalizing a matrix written symbolically as H = AHA T (6) where A is the matrix of the a ij , A T is its transpose and H is the matrix whose components are given by (H) ij =< i (1; 2 : 3)j 3(H 3 + 1 r 12
) j j (1; 2 : 3) >
In this way, the two-electron interactions can be calculated in terms of < i (1; 2jn 1`1 ; n 2`2 : L i S i )j 1 r 12 j j (1; 2jn 3`3 ; n 4`4 : L j S j ) > (8) i.e. exactly the matrix elements used in the two-electron problem. (Of course, these terms are 0 unless L i = L j and S i = S j .)
The Calculation
The basis set used in the calculation includes all con gurations of the form n 1`1 ; n 2`2 ; n 3`3 where 0 `i `m ax = 5 and n i n max = 20, with the following restrictions. Only if two of the three n i are less than or equal to 3 can the third be as large as nmax. Otherwise the maximum value is 6. Furthermore, none of the n i can equal 1, i.e. all the singly and doubly excited con gurations are excluded. This latter restriction has been translated into projection-operator terminology 19] where the operators P; Q I ; Q II project onto subspaces containing 0, 1, and 2 vacancies and where the eigenvalues of the operator Q II HQ II are the energy levels of the hollow atomic states with double-K-shell vacancies. This procedure yields di erent numbers of con gurations depending on the particular L; S; under consideration. For example, for the 4 S o symmetry this procedure yields 259 con gurations, while for 4 P e the number of con gurations is 649 and for 2 P o the number is 961. Each con guration in, turn, produces anywhere from 0 to 10 antisymmetric basis functions, i . The computer automatically generates the basis functions for each given con guration, evaluates the Hamiltonian matrix using as basis all the previously mentioned basis functions generated for each and every con guration (this total number of basis functions is in general considerably larger than the number of con gurations included in the calculation for the particular L; S; symmetry ) and nds its eigenvalues and eigenvectors. The energy levels so obtained are analysed and tted to a Rydberg series of the form E n = E th ? 1 2 Z n 2 ; (9) where n is the e ective quantum number (EQN (10) where the u's are the elements of the corresponding eigenvector of the Hamiltonian matrix, the Rydberg series to which a particular energy level belongs can be unambiguously determined except in a very small number of cases.
In Table I , for the L; S; symmetries discussed in this paper, we list the Rydberg-like series of energy levels converging on the doubly excited states of the residual ion, Li + , as well as the energies ( in a.u.) of these states. The threshold energies presented in the table are as follows: E 1 (I): have been calculated using the TDM method for 2-electron systems 20]; E 2 (I): have been tted to the series so that Equation (9) yields the most consistent and smoothly varying e ective quantum number n for all series and all symmetries. Because we are discussing so many con gurations and series, the standard notation is cumbersome. Therefore we will often replace the 2-electron target single-particle descriptions, 2`12`2 1;3 L , with a capital letter I = A; B; C; D; E; F, as shown in Table I . The quantum number and angular momentum of the third electron is appended, and both are enclosed in brackets, h i, If necessary, the total angular momentum and spin are included. Thus, e.g., hB; nd 2 P o i := (2s2p) 3 P o nd 2 P o When there are 2 or more series converging to the same threshold, a further notational contraction is used in the tables, to describe the con guration mixings of the states. For instance, the sum in (10) is shortened to
The threshold energy shifts, which are positive in all cases, have been discussed in reference 19] where it is shown that they are a consequence of the fact that only bound state hydrogenic functions are used in the calculations. To demonstrate how the EQN's vary smoothy in the absence of another perturbing series, we present in Table II a.u. to calculate the e ective quantum number. We note that since a (2p) 3 2 S o term does not exist, the rst member of the series must have n = 3, and the quantum defect is effectively constant for the series. Furthermore, we see that when the EQN exceeds 12 the QD's become erratic and consequently the last two states in Table II should be rejected.
Hereafter we will reject all states with EQN > 12, and most with EQN > 11. We have relied heavily on EQN's for classifying, and comparing states with other calculations, particularly with BN. In XX] they calculate EQNs relative to the nearest threshold below which each state lies, whereas the true EQN should be calculated relative to the threshold to which that series converges. We have used the following formula to convert their EQN's. Let n 1 be the EQN as reported by BN. Let E 2 (J) be the energy of the nearest threshold, J, and E 2 (I) be the correct threshold, I. Then
where E = E 2 (I) ? E 2 (J), and n 2 is the \correct" EQN. In all cases we have used our values, as given in Table I Although there is very little experimental data on hollow states with 2 P e symmetry, our analysis shows several interesting characteristics which are important for understanding symmetries with multiple series. From Table I we see there are ve series with this symmetry. Independent particle nomenclature would describe a typical level as: 2s2p 1 P o np = hE; npi; Our results are tabulated in Table IV. XX5 Table IV Figure 1 . The QD's drop by one whole unit, and is explained in the next subsection.
Because the di erent series converge to thresholds with di erent energies, the lowest members of one series may lie in the energy range just below the threshold of another series. Then we have what Fano ] calls an isolate state interacting with a Rydberg series.
In Figure 2 , are shown the percent of 3 P e ns con gurations in each of the states numbered 1 through 24. Most of these correspond to members of the hBi series. 
The Series With 2 P o Symmetry
It is for the 2 P o triply excited states of the lithium atom that most experimental and theoretical data exists. This is because investigations of hollow lithium states have, in the main, been restricted to excitation from the ground (1s) 2 2s 2 S e state, and the dipole selection rules allow only the formation of the 2 P o states. Here, as can be seen from Table I In Table V we present our classi cation of the triply excited states together with the energies (in a.u.) and the EQN's, with a description of each state. As explained above, the EQN for these states is based not on the calculated two-electron doubly excited thresholds, but on the shifted threshold energies computed to give a good t. It should be emphasized that the same shifted threshold energy is used for all S P con gurations 19]. These QN's are slowly varying functions of n for each series and help to identify the various series. In fact, it is possible to classify most of the levels without reference to the wavefunctions. There usually is complete consistency between both methods of classi cation. It is clear from Table V that most of these states cannot be described by a single con guration { indeed it is seen that each state is a mixture of con gurations { so we present the percentage each series contributes to the normalization of each state. As is seen from the table, considerable mixings occur when states are close in energy. However, especially close to thresholds where there is no interfence from other series, the mixings which describe a particular series are remarkably stable and consistent. For example, the hA; npi series of states converge on the (2s) 2 1 S e threshold and below that threshold the states are descibed, with remarkable consistency, as being 73% hA; npi and 23% hF; npi ((2p) 2 1 S e np). However, we see that the (2s) 2 1 S e 12p state and (2s2p) 3 P o 5d state (which is a member of series (d) converging on a higher threshold, i.e. the (2s2p) 3 P o threshold) are close in energy and interact strongly with a consequent smearing out of con gurations involved in both series.
We note that the state with the lowest energy, i.e E n = ?2:242801 is common to series hA p i, hB s i and hE s i. That is to say the state can be described as (2s) 2 1 S e 2p or (2s2p) 3 P o 2s or (2s2p) 1 P o 2s. This is because whether we couple a 2p electron to an antisymmetric (2s) 2 1 S e wave function to give a wave function of 2 P o symmetry, or couple a 2s electron with an antisymmetric (2s2p) 1;3 P o wave function, and then antisymmetrize and normalize, we get the same function. For the same reason, the second state in Table V with energy E n = ?2:003494 is the rst member of three series hF s i, hC s i and hD s i. It may be described as (2p) 2 3 P e 2p or (2p) 2 1 D e 2p or (2p) 2 1 S e 2p.
In Table VI we compare our results for the 2 P o (TDM method) with the results of Chung and Gou (saddle point method), with the R-matrix approach, and with experiment.
In order to compare with experiment we give our energies in eV above the Li(1s) 2 (2s) 2 S e ground state, which we have taken to be ?7:47806034 a.u. Our classi cation agrees with that of Chung and Gou 13, 14] in general except for the states (2s2p) 3 P 3d and (2s) 2 1 S 5p where they have them in reverse order. We neglect relativistic e ects in our calculations whereas the highly accurate calculations of Chung and Gou include such e ects. Even so, our energies are systematically higher than their non-relativistic energies by .2eV. We also note that the second and third states in Table VI, which we classify as (2p) 2 1 S 2p and (2s) 2 1 S 3p respectively, are classi ed in Reference 4] as (2s) 2 3p 2 P o and (2p) 2 3 P 2p 2 P o respectively. Furthermore we note that our calculation of the (2s2p) 1 P 3s state is lower than the (2p) 2 Table IX are given in eV above the ground state of lithium. We point out that in regard to the last two entries in the table, our calculations i.e. the TDM method, puts the hC; 3d 2 D e i state above the hC; 3d 2 P e i whereas the R-matrix method has the order reversed.
Conclusion
The theoretical procedure described in this paper yields consistent sequences of energy levels and quantum defects for each Rydberg-like series. We see that our energy levels are too high by about .2eV when compared to the more accurate calculations of Chung. The advantage of the method is that it provides us with whole series all at once and enables us to unambigously classify the levels using both con guration mixings and quantum defect. Further experimental data and calculations are required to resolve con icts in our present knowledge of triply excited states.
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